ORIENTED RUTILE IN A HIGH-TEMPERATURE 
ANDESINE FROM NIGERIA 


By P. M. GAME 


(With Plate 5) 

The rock 

In 1942 Dr. J. R. F. Joyce collected two specimens of an anorthoclase-trachyte from 
a low hill near Ropp in the Plateau Province of central Nigeria. One of these was 
presented to the Museum in 1949 (registered number B.M. 1949,25). This rock is 
chiefly remarkable for the very large phenocrysts of anorthoclase which are described 
in the following note. Xenoliths and xenocrysts of several different types occur, 
including a ‘glomero-porphyritic’ group of twinned plagioclase which is roughly 
elliptical in shape and measures 13X9 mm. This plagioclase shows a narrow but 
conspicuous reaction rim, and many of the grains of the group contain oriented rod- 
like inclusions. The composition of the host and of its reaction rim, the type of 
twinning, and the orientation of the inclusions were determined by measurements on 
a Leitz universal stage. 


The host 

Two plagioclase grains were chosen for measurements in which the oriented rods 
were inclined at an angle not too great to allow them to be set vertically, and in 
which the twin lamellae were of sufficient breadth to permit determination of the 
indicatrix in each. The stereograms thus obtained are shown in Figs. I and 2, with 
the identified poles (see below) labelled. 


The composition of the plagioclase 

The stereograms were first transposed in the usual way bringing £ to the centre, 
and were then superimposed over the appropriate Nikitin migration curve diagram! 
in order to identify the poles of the cleavage and composition planes and to determine 
the composition. The relation of the poles to the Nikitin curves (for low-temperature 
plagioclases) is shown in Fig. 3. Although the points fall sufficiently close to these 
curves for identification purposes, it can be seen that the pole of (010)—obtained as 
the mean of four positions, one for each twin member of the two measured grains— 
lies, on the 20-cm. scale, 64 mm. from the (oIo) curve, being displaced from it in 
the direction of 8. The [oo1] direction is displaced (for the same scale), in the same 
sense, 3 mm. from its appropriate curve. (The [oor] axis is obtainable as the common 
direction of the oriented rod-shaped inclusions—see below.) The (oor) cleavage could 
be recognized only as discontinuous and somewhat curved traces in one twin member 
of one grain. Thus the position of the (oo1) pole is only approximate; it has been 
plotted merely to check its identity and to obtain a reference from which the a-axis 
can be located. 

The large, systematic deviations of [oo1] and particularly of (o10) from their 


1 W. Nikitin, Die Fedorow-Methode, Berlin, 1936, pl. 6. 
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respective curves suggested that this plagioclase had been subjected to high tempera- 
ture. Accordingly the migration curves drawn for high-temperature plagioclases by 
H. Tertsch! were enlarged to the scale required and plotted on the stereogram. These 
curves are represented by the broken lines in Fig. 3, while the low-temperature curves 
appear as solid lines. 

The much closer correspondence of (010) and [oo1] with Tertsch’s high-temperature 
curves than with the low-temperature curves of Nikitin is obvious. The anorthite 
content indicated by the position of (010) in relation to the high temperature curve 
is 42 per cent., while that derived from the position of [oor] is 43 per cent. As already 
stated (001) cannot be located with an accuracy sufficient to test the high-temperature 
hypothesis or to determine the anorthite content. 

The twin law was next determined. The stereograms were transposed by bring- 
ing the pole of the composition plane, viz. the pole of (010), in each instance to the 
centre. The stereogram resulting from the transposal of Fig. 2 is shown in Fig. 4. 
An almost identical result was obtained by the transposal of Fig. 1. The figure clearly 
shows the existence of an axis of symmetry normal to the plane of the diagram. This 
indicates normal twinning; since the composition plane is (o10) the twinning is 
determined as albite in both crystals. 


TABLE I. Twin optics of plagioclase 


An. percentage | An. percentage 


Twin angle Angular value | low-temp. curve | high-temp. curve 
aa 170° 45 
BB: SN 42 
Cag 58° 43 
AB, 424° 43 
BB, 106° 41 
2V 85° 43 


Mean An. value — 43 


Having determined the twin law and the optical and morphological directions it 
remains to use the ‘twin-optics’ to confirm the high-temperature form of this 
andesine. The angles required are those between the corresponding optical directions 
of the twinned individuals, namely aa, B1, yy1, 2Vo and the angles between the 
corresponding and the non-corresponding optic axes, BB, and AB, in this instance. 
These angles were readily obtained from the original stereograms. Their mean values 
are given in Table 1, together with the corresponding anorthite percentages derived, 
firstly, from the low-temperature curves and, secondly, from the high-temperature 
curves of Tertsch. 

As the table shows, the consistency of the anorthite percentages, read from the 
high-temperature curves, is in sharp contrast to the fluctuations which result from 
interpolation on the low-temperature curves. The mean anorthite value, derived 
from the high-temperature curves, namely 43 per cent., agrees with the values 
previously obtained from the stereograms. 

The evidence that this plagioclase is of the high-temperature form is conclusive. 

1 H. Tertsch, 1942, Zur Hochtemperatur-Optik der Plagioklase. Zbl. Min. Geol. Paläont. Abt. A: 141. 
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The ‘host’ may thus be described as a calcic andesine with high-temperature optics 
and albite twinning. 


The reaction rim 


The rim is of fairly constant width (0-1 to 0-2 mm.) and completely surrounds the 
group of plagioclase crystals. Its orientation is not everywhere the same, however; 
measurements were confined to those parts showing cleavage traces and/or allowing 
determination of the optic axial angle. Fig. 5 shows in stereographic projection the 
relationship between the pole of the cleavage and the indicatrix and also the position 
of one optic axis. The angle between cleavage pole and y is 7°, which closely cor- 
responds with the value of 5° for y^] (o10) obtained from Emmons’s stereogram for 
anorthoclase.' Three independent measurements of the optic axial angle (made on 
sections allowing the setting-up of both optic axes) gave the following results: 


2Vin . . . 66°, 65°, 63°. 


These determinations confirm the identification of anorthoclase. The anorthoclase 
rim is clearly visible in the photomicrograph (PI. 5, Fig. 2). 


The inclusions 


These have the form of parallel rods or needles (Pl. 5, Fig. 1). The maximum 
length is 0-09 mm. and the maximum breadth 0-005 mm. The majority of the rods 
have a length: breadth ratio of about 60:1, but in the stumpiest rods this ratio is 
reduced to 13:1. The needles are mostly transparent and practically colourless. 
Some show considerable corrosion. They have very strong relief (due to their extremely 
high refractive index), straight extinction, positive elongation, and first-order yellow 
interference colour. These properties suggest that they are rutile. The interference 
colour, however, seems to be abnormally low. The widths of the rods which showed 
these first-order colours were of the order of 0-004 to 0-005 mm. On the assumption 
of equant cross-sections the birefringence is 0-09, whereas that of rutile is 0-29. It 
may be, of course, that the rods are not equant in cross-section but flattened. An 
attempt was made to check the identity of the inclusions by X-ray analysis. A small 
fragment of the host showing a relatively dense array of inclusions was isolated 
and mounted with the needles oriented vertically. A rotation photograph of long 
exposure was then taken by Dr. G. F. Claringbull. The resulting photograph showed 
only the layer-lines resulting from the andesine c-spacing. No intermediate layer- 
lines were visible. The proportion of inclusions in the host is obviously too small for 
visible reflections. The X-ray photograph, however, confirmed the orientation deter- 
mined by optical methods. A spectrographic analysis was also made, but with 
inconclusive results.? Some of the needles show opaque patches, no doubt due to 


1 R. C. Emmons, 1943, The Universal Stage, Mem. Geol. Soc. Amer. 8, pl. 12, fig. 9. 

2 Hand-picking of fragments containing a reasonable concentration of oriented needles yielded a total 
sample of less than 1 mg. A spectrographic analysis made on this sample by Dr. Webb of the Imperial 
College disclosed the presence of titanium lines. Unfortunately, however, it was found that titanium was 
a constituent of the plasticine used for sealing the ampoule in which the sample had been placed. Since 
the fragments were not entirely free of plasticine the results must be regarded as inconclusive. It is hoped 
to repeat the test if more material can be obtained. 
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alteration, the alteration product being, possibly, ilmenite. Others are completely 
opaque. The identity of these latter is uncertain. The largest of them show terminal 
forms, which, under magnifications of the order of I1,000,! are seen to consist of a 
basal plane and pyramids. Approximate angular measurements, made on flat lying 
needles in (oI0) cleavage flakes, suggested a symmetry lower than orthorhombic. 
These measurements are, however, subject to considerable uncertainty on account 
of the practical difficulties. A search of the literature revealed no record of oriented 
rutile in feldspar ; but ilmenite needles enclosed in labradorite and lying parallel to 
each other and to the c-axis of the host have been described from the Shitomir 
district of Poland by P. N. Chirwinsky.? Such an arrangement is more easily com- 
prehended in the case of ilmenite, which has a c-spacing of about 14 A (almost 
exactly twice the c-spacing of the calcic feldspars), than in the case of rutile, in which 
the c-dimension, 2°89 A, bears no obvious relation to that of the plagioclases. It is 
possible that the opaque rods are, in fact, ilmenite. But it seems most unlikely that 
the rutile has been derived therefrom. 

Summarizing, it seems possible that the great majority of the oriented inclusions 
are rutile ; there is, however, a minority of opaque inclusions, the identity of which is 
uncertain. Both types of inclusion are mutually parallel. 


Orientation of the rods 


This was measured on the universal stage during the determination of the plagio- 
clase. The axes of the rods were set vertically (coincident with the axis of the micro- 
scope). This was done for various different settings of the N-, H-, and K-axes,3 
and the mean position was plotted on the stereogram of the points thus obtained. 
The direction of the axes of the rods is shown in the stereograms (Figs. 1 and 2). In 
both figures it is seen to lie in the composition plane. In order to determine whether 
this axis corresponded with any crystal direction within this plane the position of the 
axis was inserted on the transposed stereograms having £ at the centre, and these 
were then superimposed in turn on a set of migration curves (Reinhard’s curves 
amended by Nikitin) to which had been added the corresponding curves for high- 
temperature plagioclases published by Tertsch.* The comparison was made for each 
twin member of the two different sections, viz. four times. Fig. 3 (compounded as 
the mean of the four resulting figures) clearly shows the coincidence of the axis with 
the [oor] curve for high-temperature andesine having an anorthite content of 43 per 
cent.; this, as already shown, is the approximate composition of the plagioclase. 
The angle measured on the stereogram, between the axis and the (100) direction, is 
65°. The supplement of this angle 115° corresponds with the value of the axial angle 
B for andesine, viz. 1163° approximately. This close agreement provides additional 
confirmation that the rutile rods are oriented parallel to the c-axis of the andesine host. 


A Powell & Lealand No. 1 microscope with rotating stage and an oil immersion Zeiss 3 mm. apochro - 
matic objective of N.A. 1-4 was used. 

2 P., N. Chirwinsky, 1925, Avanturinlabrador aus Poromowka, Shitomir-Distrikt, Gouv. Wotynien. 
Z. Krystallogr. 62: 139. i 

3 Notation of M. Reinhard. 

4 W. Nikitin, loc. cit.; H. Tertsch, loc. cit. 
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Fic. 1. Oriented rutile needles in Andesine 
Ordinary light; X250 


Fic. 2. Andesine showing Albite twinning and 
reaction rim of Anorthoclase 
Polarized light; x50 


